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Abstract 

A multibeam bathymetry survey was conducted beginning at the northern coast of 

Panama to Key West, Florida, aboard NOAA R/V Okeanos Explorer from November 14-22, 

2017 (EX-17-10). The bulk of the survey comprised a transect through the Caribbean Sea 

collecting multibeam bathymetry soundings, water column backscatter, bottom backscatter, and 

sub-bottom backscatter data. The multibeam bathymetry data is presented at 100-meter 

resolution and is comparable with known satellite altimetry measurements along the transect. 

Measurements of the Cayman Trough matched the literature’s characterization of the seafloor 

feature at approximately 120km wide and 5km deep on average. No evidence of gas seeps or 

other anomalies were found in the water column backscatter. Unfortunately, the bottom 

backscatter data is unreliable as a calibration to account for changes in multibeam settings was 

not conducted due to a lack of time. According to the transect, satellite altimetry is an accurate 

means of representing the Caribbean Seafloor at a low resolution, though further research is 

necessary to improve our understanding of geologic processes in the region. 

Introduction 

 The R/V Okeanos Explorer is the only federally funded ship in the U.S. dedicated to 

ocean exploration; other federally funded vessels require a hypothesis driven scientific mission 

to be utilized by scientists. This presents a unique opportunity to uncover portions of the seafloor 

that may have never been surveyed before and help us to improve our understanding of physical, 

geologic, and ecological processes in the ocean.  

Traditional science begins with a hypothesis driven question, moves on to data collection, 

and ends with results that point to an answer to the initial question. Alternatively, exploration 

begins with observations of a place otherwise undiscovered which help to inform scientists. 



Following initial observations, it is possible to hypothesize, then conduct targeted research. The 

Okeanos Explorer serves as a scientific platform to do just that: systematically explore the 

world’s oceans for discovery and the advancement of knowledge. This paper will provide a 

summary of cruise EX-17-10 aboard the Okeanos Explorer from Panama City, Panama, to Key, 

West Florida, including about 8 days of data collection. 

 The survey began in Panama, located in Central America between Costa Rica and 

Colombia of South America. The northern side of Panama is bounded by the Caribbean Sea, a 

relatively small ocean basin surrounded by disconnected land masses and islands. On the 

northern side of the Caribbean Sea are the Greater Antilles made up of Cuba, Hispaniola (Haiti 

and the Dominican Republic), Puerto Rico, Jamaica, and the Cayman Islands. To the east are the 

Lesser Antilles, made up of much smaller islands.  

 The Caribbean region consists of the Caribbean Plate, bordered to the north and east by 

the North American plate, to the west by the Cocos and Pacific plates, and to the south by the 

South American plate (Figure 1). The boundary between the Caribbean Plate to the north with 

the North American plate makes up a transform fault zone. The Caribbean Plate is moving 

eastward relative to both the North and South American plates at a rate of approximately 1-2 cm 

per year (Draper et al. 1994). At the northern boundary, a right lateral step over in the transform 

fault between the North American plate and Caribbean plate has resulted in crustal scale 

spreading, resulting in the opening of the Cayman Trough. Today, the Cayman trough is 

approximately 1600km long, 120 km wide, and about 5 km deep on average (Draper et al. 1994). 

The eastward movement of the Caribbean Plate has resulted in subduction of the North 

American Plate (Atlantic oceanic crust) underneath the eastern margin of the Caribbean Plate, 

producing the Lesser Antilles island arc system. This motion suggests that the Atlantic crust is 



more dense and likely older than the Caribbean crust since the Atlantic side is subducting 

beneath the Caribbean. The Pacific and Cocos plates to the west of the Caribbean Plate are 

moving eastward as well, resulting in subduction of the Cocos plate beneath the Caribbean plate. 

The western boundary subduction has acted to form Central America. In both the eastern and 

western subduction zones, the Lesser Antilles and Central America are zones of volcanism, 

likely due to compression melting of the subducting plates. 

Wadge (1984) conducted a study comparing the differences in volume of volcanic 

products erupted in the Central American subduction zone and the Lesser Antilles subduction 

zone.  They first found that the slip rate of the Central American subduction zone is 

approximately 4 times faster than that of the Lesser Antilles. Considering this, they found that 

the volcanic production rate of Central America is somewhere between 7 to 12 times greater than 

in the Lesser Antilles, though suggest significant uncertainty based on plate motion rates and 

estimates of volcanic productivity. Most of these estimates were based on seismic activity in 

each of the subduction zones, as well as piston cores which were used to estimate age of 

material, as well as comparisons to volumes exhibited in well-studied recent eruptions. Another 

contribution to the uncertainty of these estimates is the spreading rate of the Cayman Trough. 

 According to paleomagnetic studies, the timeframe around when the Cayman Trough 

opened is unconstrained. MacDonald and Holcombe (1978) suggest the Cayman Trough dates to 

the Miocene, while Rosencrantz and Sclater (1986) recognized magnetic anomalies that date 

back to the Eocene. MacDonald and Holcombe posited that spreading rates were 2 cm per year 

for 0 to 2.4 million years ago and 4 cm per year for 2.4 to 6 million years ago, while Rosencrantz 

and Sclater suggested rates of .5cm per year for 0 to 30 Ma and 3 cm per year before then. 



However, more recent bathymetry studies have suggested a more complicated spreading history 

more disjointed over time. 

The Caribbean Sea can be divided into different morphologic units, based on tectonic 

properties and sedimentary structures (Figure 2). Two notable units mapped on the cruise 

included the Nicaraguan Rise and the Cayman Trough. Draper et al. (1994) suggests that the 

Cayman Ridge, on the northern side of the Cayman Trough is a fragment of the Nicaraguan Rise 

that was likely connected before the opening of the Cayman Trough. The Nicaraguan Rise is 

covered with a layer of oceanic sediments overlying continental crust extending from the Central 

American land mass (Donnelly, 1994). The Cayman Ridge is also covered with oceanic 

sediments, that conversely overlay oceanic crust of the Caribbean Plate (Figure 2). 

 In places of the world where seafloor bathymetry has not been surveyed by ships, the best 

available data is satellite altimeter measurements. Satellite altimetry detects changes in sea 

surface height due to marine gravity anomalies which scientists can use to infer bathymetry. This 

method is not straightforward and requires ground truthing to account for differences in sediment 

density and thickness among other factors, but provides baseline data of global bathymetry. 

According to a global synthesis of satellite altimetry and ship depth soundings by Smith & 

Sandwell (1997) at a resolution between 1-12 km, the Caribbean Sea ranges in depth between 

around 1-5 km deep. 

Methods 

 The R/V Okeanos Explorer is equipped with Kongsberg EM 302 multibeam mapping 

hardware which is mounted to the hull of the ship. The transducer consists of the aptly named 

multibeam system, made up of an array of 432 sound beams that emit sound at 30 kilohertz. The 

432 beams are arranged to achieve a maximum of 150 degrees of coverage from the hull of the 



ship to the seafloor. This can yield up to 5 km of swath width on the seafloor in 1 km of water 

depth. The hardware also includes a listening apparatus or receiver, that listens for both the 

return and intensity of sound reflecting off the seafloor or objects in the water column. The 

EM302 collects three data types: bathymetry/ seafloor topography, bottom backscatter, and water 

column backscatter. 

Bathymetry 

 Seafloor bathymetry is inferred by calculating the two-way travel time of sound emitted 

from the ship. This is achieved by measuring the time between the emission of the sound from 

the transducer and the reception of reflected sound by the receiver. Combining the travel time of 

sound to the seafloor and back to the ship with the speed of sound in water, the distance between 

the hull of the ship and the seafloor can be calculated. There are several considerations to make 

with this calculation, including changes in the speed of sound, vessel attitude, and tides, as each 

of these will affect the inference of water depth (Tucholski, accessed Dec 2017). 

 To measure the speed of sound in water, Expendable Bathythermographs (XBTs) were 

utilized. XBTs are made up of a long copper wire attached to a lead weight that can be deployed 

from a ship while it is underway. The copper wire is connected to a thermistor, an electrical 

resistor that is sensitive to changes in heat. This information is sent back to the ship through the 

copper wire and is converted into a temperature profile. The depth of water in which the 

thermistor is measuring is calculated by means of a semi-empirical fall-rate equation (shown 

below) that takes in to account the terminal velocity of the lead weight in seawater and the 

deceleration of fall introduced due to loss of weight as the probe is expended (Bringas & Goni, 

2015). It is important to consider the speed of the vessel as well. Vessel speed will affect the 



angle at which the XBT falls through the water column, which should be compensated for in 

calculating depth as well. 

𝑧(𝑡) = 𝑎𝑡 − 𝑏𝑡2 

𝑧 = 𝑑𝑒𝑝𝑡ℎ 

𝑡 = 𝑡𝑖𝑚𝑒  

𝑎 = 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑋𝐵𝑇 𝑖𝑛 𝑠𝑒𝑎𝑤𝑎𝑡𝑒𝑟 (𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙𝑙𝑦 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑) 

𝑏 =  𝑑𝑒𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑑𝑢𝑒 𝑡𝑜 𝑙𝑜𝑠𝑠 𝑜𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑏𝑒 𝑎𝑠 𝑡ℎ𝑒 𝑤𝑖𝑟𝑒 𝑒𝑥𝑝𝑒𝑛𝑑𝑒𝑑 

 

 XBTs introduce several sources of error but are utilized because they present a cheap and 

timely method of inferring temperature and sound speed in water. The more accurate alternative 

would include stopping the ship and deploying a CTD which would measure temperature, 

salinity, and depth more accurately throughout the water column. Each of these variables affect 

the speed of sound in water (warmer water = faster sound speed, deeper water = faster sound 

speed, and saltier water = slower sound speed).  The temperature and depth inferences made 

using the XBT are then combined with a salinity value from a flow-through system aboard the 

ship. This system consists of a CTD among other instruments, but for the purpose of this paper 

yields a measurement of sea surface salinity. The value of salinity at the sea surface is assumed 

for the entire water depth, so significant error can arise if there are major hydrographic changes 

throughout the water column.  

Bottom & Water Column Backscatter 

 While seafloor bathymetry is measured using the travel time of sound between the hull of 

the ship and the seafloor, the bottom backscatter builds upon this with additional measurements 

of the intensity of sound returning to the ship. The intensity of sound returning to the ship can 

shed light on the physical properties of the seafloor substrate. Consider knocking on a friend’s 



door – the hard wood results in a loud sound. Consider the door was made of cotton – the soft 

material would not make much of a sound and your friend probably won’t answer the door. 

Bottom backscatter is measured using this theory: hard material acts as a better sound reflector 

than soft material. Therefore, rock would yield a higher intensity return to the ship than mud for 

example. Water column backscatter is measured in the same way as bottom backscatter, except 

the return received from the seafloor is removed. This can result in measurements of bubbles in 

the water column, schools of fish, or other objects.  

Vessel Attitude and Tides 

 Motions of the ship due to surface waves and changes in water column height due to tides 

must also be considered in bathymetry and backscatter measurements. Surface waves cause 

changes to the ship’s attitude in roll, pitch, yaw, and heave. Aboard the Okeanos Explorer these 

measurements were taken using an Applanix POS/MV, which records internal ship motion. 

Tides on the other hand are not easy to directly measure onboard the ship, so nearby tidal 

benchmarks are typically utilized. In the Caribbean Sea, the tidal range is only 10-20 centimeters 

(Kjerfve, 1981). This may not be significant considering the resolution of bathymetry was on the 

order of 100 meters, but has the potential to introduce significant error in places with greater 

tidal range.  

Sub-Bottom Backscatter 

 The ship is also equipped with a Knudsen Sub-bottom profiler that emits sound at a much 

lower frequency (3.5 kHz) than the multibeam. Sounds with lower frequencies attenuate much 

more slowly than higher frequency sounds in water. Therefore, the sound emitted from the 

Knudsen travels through the seafloor substrate and yielsd shallow seismic profiles of the 

seafloor. This data can be used to infer layering in sedimentary structures in the substrate. The 



intensity of returns can shed light on the types of material in the sub-bottom and also show 

evidence of faults or fractures in the seafloor. 

Results 

 Data collected along the EX-17-10 survey track agrees with the current state of 

knowledge regarding Caribbean Seafloor depth according to satellite altimeter inferences of the 

region (Smith & Sandwell, 1997) and characteristics of seafloor features (Draper et al. 1994). 

According to the survey track, satellite altimetry accurately portrays the Caribbean seafloor 

topography. According to multibeam soundings, the Cayman Trough was approximately 130 

kilometers wide and up to 5,250 meters deep. The Nicaraguan Rise ranged between 

approximately 800 to 2,500 meters deep. Bottom backscatter data was processed onboard, 

though contains artificial changes in signal due beam angle adjustments made to optimize 

resolution of depth soundings so will not be discussed further in this paper (Figure 4). No 

anomalous features were found in either the water column backscatter or sub-bottom backscatter 

data. 

Discussion 

 Cruise EX-17-10 confirmed the previous state of knowledge of the Caribbean seafloor. 

Water column and sub-bottom backscatter data were visually analyzed aboard the R/V Okeanos 

and no anomalous features were noted. Bathymetry data followed expected trends and no 

previously unknown seafloor features were identified. The data in Figure 3 is presented at 100-

meter resolution, meaning each 100-meter square along the survey track has combined all the 

soundings recorded in that area into an average. This means that there is significant interpolation 

between data points which could act to smooth seafloor features that persist on a smaller spatial 

scale. A 10-square meter bump in the seafloor for example may not be present in this data.  



 For future targeted research, it would be interesting to return to the area between the 

Nicaraguan Rise and Cayman Trough, up to the Cayman Ridge. Bathymetry of these areas could 

present more information regarding the orientation of fault scarps in the area, which could be 

compared to past studies to hone in on the spreading rate of the Cayman Trough. Further, 

remotely operated vehicle (ROV) dives and cores of the oceanic crust could be useful in further 

constraining the age of material at the seafloor between the Nicaraguan Rise and the Cayman 

Ridge, which may or may not contain rocks with magnetic signals. More paleomagnetic data is 

necessary to constrain the spreading rate of the Cayman Trough, which could also help our 

understanding of subduction rates at both the eastern and western boundaries of the Caribbean 

Plate.  

 The Caribbean Region presents a unique case study to improve understanding of the 

formation of island arcs in subduction zones, crustal scale seafloor spreading, and the 

interactions between these two processes. An important consideration to make in pursuing 

science in this region however, are the geopolitical relationships between countries bordering the 

Caribbean Sea. The majority of the Caribbean Sea is defined by exclusive economic zones 

(EEZs). These demarcate countries exclusive rights to the waters bordering their country up to 

200 nautical miles offshore. The EX-17-10 survey track crossed the EEZs of each Panama, 

Colombia, Nicaragua, Honduras, and Cuba. Being a U.S. run vessel, passage and data collection 

requests were made before the survey requesting approval from each of these countries. Each 

request was approved except for Colombia, through who’s EEZ survey equipment was turned off 

and no data was collected (Figure 5). To efficiently and effectively gain scientific understanding 

of the Caribbean Region, there must be a collaboration between several countries based on a 

common goal to ease the permitting and relationships between each country.  



 In conclusion, the data collected on cruise EX-17-10 was representative of the existing 

knowledge of the Caribbean Region. Combining ship board depth soundings with satellite 

altimetry presents a powerful means of documenting the global seafloor. However, in shallow 

waters where higher resolution features could pose threats to navigation, higher resolution data 

sets are necessary. In deep areas of the ocean, exploration is necessary to improve our 

understanding of global scale processes, and the Okeanos Explorer is the perfect platform from 

which to do so.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Figures 

 

Figure 1: Map of the Caribbean Region showing the relative positions of plates, physiographic regions, and major islands. 
Arrows along faults indicate the direction of movement along transform faults and direction of subduction at convergent plate 
boundaries. Adapted from Draper et al. (1994). 

 

Figure 2: Top panel shows morphologic units based on seafloor cores in the Caribbean region. EX-17-10 survey track spans the 
Panama Plain, Colombian Basin, Nicaraguan Rise, Cayman Trough, Yucatan Basin, and Yucatan Plain. Bottom panel shows 
distribution of sediment and basement types across latitude 15. Subduction is evident at both east and west and relative 
thickness of continental vs. oceanic crusts is depicted across this line of latitude. Adapted from Donnelly (1994).  



 

Figure 3: Multibeam bathymetry data collected along survey track from Panama to Key West, Florida, overlying bathymetry 
inferred from satellite altimetry. Depths range from approximately 750-5000 meters according to multibeam soundings. 



 

Figure 4: This is an image of bottom backscatter along the cruise track. If data were reliable, white colors indicate high intensity 
returns or hard substrate and greys indicate lower intensity returns or soft substrate. The pink arrows point to rapid changes in 
color along the survey track which correspond to times where multibeam angles were changed. Settings changes can result in 
artificial changes in bottom backscatter, for which a calibration was not completed.  

 

 

Figure 5: Exclusive economic zones of the Caribbean. No data was collected through Colombia as survey requests were denied. 
https://atlas-caraibe.certic.unicaen.fr/en/page-123.html 
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